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has probably been formed as an intermediate.'* Be-
cause of the strain and steric protection of the cyclo-
butadiene ring by the isopropyl groups, the cyclobuta-
diene isomers shown above may be formed before
insertion of a carbonyl group (to give tetraisopropyl-
cvclopentadienone) or of another diisopropylacetylene
moiety (to give hexaisopropylbenzene) can occur.

Acknowledgments.—We wish to express our gratitude
to Mr. A. G. Sharkey, Jr., of the U. 8. Bureau of Mines
for determining mass spectral molecular weights and
to Drs. Aksel Bothner-By, of Mellon Institute, and
R. A. Friedel, of the U. S. Bureau of Mines, for dis-
cussion of the spectral evidence presented here.
Mellon Institute provided facilities for the preparation
of this manuscript.

EpwaRD M. ARNETT
J. MARTIN BOLLINGER

DEPARTMENT OF CHEMISTRY
UNIVERSITY OF PITTSBURGH
PITTSBURGH, PENNsyLvaNta 15213

RECEIVED AUucusT 31, 1964

Gas Chromatographic Separation
of the Hydrogen Isotopes!
Sir:

Considerable interest has been shown in the gas
chromatographic separation of the six molecular species
of hydrogen: H,, HD, D,, HT, DT, and T,. The
most recent work was summarized by Carter and Smith?
and by King.? Since previous work was done at low
levels of tritium, it was of interest to see whether com-
parable results could be obtained at higher tritium con-
centrations where radiation effects might impair sepa-
ration factors. Glueckauf reported a decrease in the
separation factor of radiokrypton and radioxenon
with increasing radioactive power.*

Separation of the six hydrogen molecular species in a
mixture that contained 2.4 ¢. of tritium is shown in Fig.
1. The column, ferric oxide coated alumina at 77°K.,
was similar to that described by Carter and Smith
and by King. Separation factors calculated from this
chromatogram and compared with those of Carter and
Smith (~0.5 mc. of tritium) and King (~70 mec. of
tritium) show no significant effect from the tritium radia-
tion.

The separation factors in Table I were calculated in
the manner described by Carter and Smith, viz.

A2 = d?,/dl

where d» and d, represent the distances from zero time
to the peak maxima for respective components on the
chromatograms. Direct comparison of separation fac-
tors defined in this manner is complicated by the de-
crease in retention times for peak maxima with in-
creasing amounts of components, even for nonradio-
active components. These decreases result from curva-
ture of the sorption isotherms. The concentration
dependence is particularly noticeable when comparing
the separations of the five other species from H, in
Table I. The higher separation factors reported by
Carter and Smith are attributable to the shorter reten-
tion time for the H, peak as a consequence of increased

(1) The information contained in this paper was developed during the
course of work nnder Contract AT{07-2;-1 with the U. & Atomic Energy
Commission.

(2) BE. H. Carter and H. A. Smith. J. Phys. Chem., 67, 1512 (1963).

(3) J. King, tbid., 67, 1397 (1963},

(4} 15, Glueckanuf, Awn. N. Y. Acad. Sci:: 72, 562 {19349).
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Fig. 1.—Chromatogram of 5-cc. sample of hydrogen isotopes.

H, content of their sample (see Table II). When
allowance is made for the effects of gross compositional
differences, good agreement is observed between the
separation factors derived by all three experimenters.
In no case was there indication that the tritium radia-
tion level had significantly affected the separation
factor.

TaBLE I

COMPARISON OF SEPARATION FACTORS FOR
HVYDROGEN SPECIES

This Carter and
@ work King? Smith?
HD/H, 1.09 1.13 1.22
HT/H, 1.20 1.23 1.42
Dy/H, 1.26 1.38 1.49
DT/H, 1.45 1.85
T./H, 1.66 1.68 2.08
HT/HD 1.10 1.09 1.22
D./HD 1.15 1.22 1.17
DT/HD 1.33 1.52
T,/HD 1.52 1.48 1.71
D;/HT 1.05 1.12 1.05
DT/HT 1.21 1.30
T,/HT 1.38 1.30 1.47
DT/D, 1.15 1.24
T:/Ds 1.32 1.22 1.40
T./DT 1.14 1.13
TasLE 11
COMPOSITION OF SAMPLES FOR
HYDROGEN ISOTOPE SEPARATIONS
~—————Sample size, cc."— -
This Carter and
Component work King}7 Smith”
H, 0.025 0.09 1.6
HD 0.48 0.08 0.7
HT 0.12 0.03 10—
D, 2.8 0.08 1.0
DT 1.4 - 1074
T. 0.16 0.01 10—
Total sample, cc. 4.985 0.29 #3‘2
Total activity, c. 2.4 0.07 0.0005
» At STP. * Concentratious estimated from inforination
in ref. 2 and 3.
SAVANNAH RIVER LABORATORY D. L. WEsT
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1-Ethoxyphosphole 1-Oxide!
Sir:

We wish to report the synthesis of the very reactive
heterocyclic phosphinic acid ester, l-ethoxyphos-
phole l-oxide (I).23 The ester dimerizes too readily
to allow its isolation, but it has been identified by its
ultraviolet spectrum and by trapping it as a Diels—
Alder adduct with cyclopentadiene. The synthesis
from 1-ethoxy-2-phospholene 1-oxide* is given below.

Br N(CHa):
</’> NBS </ S (CH3).NH /\_/</
P, P, P
7\ 2\
o Nocs 07 “OC.H; o7 Noc.H;
lNaOCzH,; lCHSI
+
N (CH.)l
</ \> NaOC,H; </ E
P P
o RN
¢ Noc.H, d Noc.Hs
I

Both the bromide and the dimethylamino compounds
are oils, and although the structures are reasonable
on the basis of spectral evidence neither has been ob-
tained pure. The quaternary ammonium iodide,
crystallized from ethanol-acetone, melts sharply at

141-141.5°  :dnal. Caled. for CaH,\INOSP: C, 32.65;
H, 578, I, 38.33; N, 423; P, 9.36. Found: C,
32.73; H, 5.87; 1, 3840; N 4.27; P 9.35. Theiodide

was converted in solution to the corresponding chloride
by shaking in water with silver chloride; the resulting
salt has an extinction coefficient of less than 2 above
240 mug. When the quaternary ammonium salt in
0.0018-0.00046 1/ solution in ethanol is treated with
sodium ethoxide (0.01 to 0.0017 M), it reacts at 25°
to produce a compound to which the structure I has
been assigned; Amax 293 mu (e 1050); the rate con-
stant for the elimination is roughly 10* 1./mole sec.
Compound I (identified by ultraviolet absorption and
rate of dimerization) may also be prepared from the
bromide, although here the approximate rate constant
for its formation is only 3 l./mole sec. In ethanol, I
undergoes a second-order reaction, with a rate constant
at 25° of .55 1. /mole sec., and concomitant disappear-
ance of the absorption at 293 myu. The rate of the di-
merization is about the same in the presence of added
potassium iodide, trimethylamine, acetic acid, or excess
sodiuni ethoxide, although the reaction product decom-
poses in the presence of this last reagent. The phos-
phinate ester, I, is presumably saponified by aqueous
alcoholic sodium hydroxide. The ultraviolet maximum
of the product is shifted to 288 myu. and the optical den-

i1) This research was supported Ly the National Science Poundatinn
under Grant Nu. GP-2008.

723 A number of substituted 1-pheunylphospholes have previoasly been
reported. but are relatively unreactive: I8, C. Leavitt. T. A, Manuel, and I".
Johnson. J. Am. Chem. Sue., 81, 3163 (19593 K. H. Braye and W. Hiibel.
Chem. Dyl (London}. 1250 (1959): A. W. Johnson and J. C. Tebby, J.
Chem. Soc.. 2126 (19612 J. B. Hendrickson, k. K. Spenger. and J. J. Siins,
Tewahedron Letters. 377 (10617; 1. 6. M. Camphell, R. C. Chokson, and M.
B. Hocking, Chom. Iind. (London), 3349 19623, G. 8 Reddy and C. D). Weis,
J. Org. Chem., 28, 1822 11963,

i3y Preliminary reports describe three 1-phenylphosphole 1-oxides:
see R. L. Donadio, Dissertation Abstr., 20, 4935 (1959); 15, Howard and
R. 1. Donadio, Abstracts. 1:36th Natinnal Mceeting of the American Chemical

Society, Atlantic City, N. J., Sept.. 1454, p. 100P.
‘4) U. Hasseroilt, K. Hunger. and F. Korte, Tetrahedron, 19, 1563 (1U6:3).
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sity decreases more slowly; apparently the anion di-
merizes less readily than the ester. With a 30-fold or
100-fold excess of cyclopentadiene in ethanol at 25° I
reacts witha second-order rate constantof approximately
0.05 1. /mole sec. to produce the Diels-Alder adduct, I1.
This compound has been purified by column chromatog-
raphy over Woelm grade 1 alumina with elution by
chloroform, followed by molecular distillation. .!#nal.
Caled. for CyH;;O,P: C, 62.84; H, 7.19; P, 14.74.
Found: C, 62.50; H, 7.45; P, 14.48. Principal infrared
absorptions occur at 3.22 (shoulder), 3.32, 6.32, 7.50,8.22
(broad), 9.65 (broad), 10.52 (broad), 11.72, 11.99, and
13.21 (broad) u  The complicated n.m.r. spectrum of II
is counsistent with the structure assigned, although
the stereocheinistry is uncertain.

=20

S OC.Hs
—

II

1-Ethoxyphosphole 1-oxide is similar in its absorption
spectrum to thiophene dioxide,) (Amax 289 mu (e
1230)), but is even more reactive than the latter. Re-
search is continuing with the objective (among others)
of preparing phosphinate esters with phosphorus at a
bridge position of bicyclic systems.

(5) W. J. Bailey and E. W. Cuinmins, J. Am. Chem, Soc.,T6, 1932 {19354).
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Aliphatic Cyanates
Sir:

We wish to report the first synthesis of aliphatic
cyanates. 12

Reasonably stable cyanates, R—O—C=N, can be
prepared if (1) the aliphatic group. R, is sufficiently
bulky to prevent facile trimerization, and (2) the car-
boniuniion, R7, is of sufficiently high energy to minimize
solvolysis (and rearrangement) of the cyanate under
the conditions of synthesis.

Thus [,4-dihydroxybicyclo[2.2.2]octane, 3-ethoxy-
2,24, 4-tetramethyleyelobutan-1-o0l, or neopentyl alco-
hol, when treated successively with sodium hydride
{or butyllithium) and cyanogen chloride, yielded the
corresponding cyanates [ (+19;, m.p. 135-156°), II
(30€Z, b.p. 63° (0.1 mm.)), and III (4.497, b.p. 123°
(185 mm.)).?

OCN OCN QCN
CHs_ CH, CHa
CH3 cH,  CHa=(G—CH
OCN OCsH; CH:
I II I

i1) The syutheses ol several aromatic cyanates have receutly been re
prorted: Ay R Stroh aud 1 Gerber, Angese. Chene, T2, 1000 (19600 (1
M. Hedavatullich and 1. Denivelle, Coppl. rend., 266, 1029 (1963) 0 fcs 1),
Navtin, Awgese, Chesr, Doy, L. Exgl 3, 311 11964

flay Nor: Avvro AN Proor - -Ko A, Jensen and A, Holm, Acta Chew,
Seapd., 18, 826 11464) . report the preparation of ethyl eyunate.

{2y Satisfuctory elemental analyses wnd nane. spectra for all new com
pounds were obtained.



